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Abstract

Tissue plasminogen activator (tPA) is effective if administered within 3 — 4.5 hours after the onset of stroke.
However, its use is limited in patients with ischemic stroke because of the narrow therapeutic time window availa-
ble for safe and effective therapy, beyond which tPA may increase the incidence of intracerebral hemorrhage and
further brain injury. ADAMTS 13 is known to cleave von willebrand factor (VWF) on the surface of platelet throm-
bi in a shear force-dependent manner, which limits thrombus growth. Thus, ADAMTS 13 dissolves only pathologi-
cal thrombi and not VWF-platelet primary hemostatic thrombi, and may therefore have a low risk of inducing
intracerebral hemorrhage following dissolution of thrombi in ischemic stroke. In this study, we investigated whether
ADAMTS 13 -deficiency enhanced microcirculatory disturbances after cerebral ischemia. ADAMTS 13 gene knock-
out (KO) and wild-type (WT) mice were subjected to 30-minute middle cerebral artery occlusion (MCAO) and
23 .5 -hour reperfusion. The cerebral blood flow (CBF) around the cortex of the ischemic region was measured by
laser Doppler flowmetry for 60 minutes after MCAO. In both WT and KO mice, the CBF was decreased to less
than 20 % of the baseline value during MCAO and was returned to normal immediately after reperfusion. However,
during the subsequent 30 min the CBF was progressively decreased in KO mice compared with WT mice, suggest-
ing that ADAMTS 13 deficiency promoted thrombosis after reperfusion injury. The infarction volumes of the brain
also were increased in KO mice.

Moreover, we examined whether treatment with ADAMTS 13 protects against ischemic brain injury through
improving cerebral blood flow with a low risk of intracerebral hemorrhage compared with tPA. ADAMTS 13 (0.1
mg/kg) or tPA (10 mg/kg) was administered i.v., immediately after reperfusion of after 2-h or 4-h MCAO for
comparison of the therapeutic time windows in ischemic stroke. Infarct volume, hemorrhagic volume, and cerebral
blood flow (CBF) were measured 24 hours after MCAO. Both ADAMTS 13 and tPA improved the infarct volume
without hemorrhagic complications in 2-h MCAO mice. On the other hand, ADAMTS 13 reduced the infarct vol-
ume, and improved CBF without hemorrhagic complications in 4-h MCAO mice, but tPA was not effective and
these animals showed massive intracerebral hemorrhage. These results indicated that endogenous ADAMTS 13 is
important protective factor in ischemic stroke. And, treatment with ADAMTS 13 has a longer therapeutic time win-

dow in ischemic stroke than tPA. Thus, ADAMTS 13 may be useful as a new therapeutic agent for ischemic stroke.
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<Neurological score >
0: normal motor function
1: flexion of torso and of contralateral forelimb upon lifting of the animal by the tail
: circling to the contralateral side but normal posture at rest
: circling to the contralateral side

: rolling to the contralateral side

W A W

: leaning to the contralateral side at rest (no spontaneous motor activity)
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Fig.1 Effects of ADAMTS13 gene deletion on brain infarct in
mice subjected to 30-min MCAO.

Quantitative analysis of infarct volume was performed in mice subjected to

30-min MCAO and WT (n=16) or ADAMTS13 KO (n = 16). *P < 0.05

versus vehicle. All values are means == standard error of the mean.
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Fig.2 Effects of ADAMTS13 gene deletion on CBF in mice
subjected to 30-min MCAO.

Quantitative analysis of CBF was performed in mice subjected to 30-min

MCAO and WT (n = 8) or ADAMTS13 KO (n=9). *P < 0.05 versus

vehicle. All values are means = standard error of the mean.
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Fig.3 Effects of t-PA on brain infarct in mice subjected to 2-h
and 4-h MCAO.

Quantitative analysis of infarct volume was performed in mice subjected to

2-h MCAO and treated with vehicle (n=6) or 10 mg/kg t-PA (n= 7).

Quantitative analysis of infarct volume was performed in mice subjected to

4-h MCAO and treated with vehicle (n = 10) or tPA (n = 6). *P <0.05

versus vehicle. All values are means = standard error of the mean.
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Fig.4 Effects of ADAMTS13 on brain infarct in mice subjected
to 2-h and 4-h MCAO.

Quantitative analysis of infarct volume was performed in mice subjected to

2-h MCAO and treated with vehicle (n = 6) or ADAMTSI3 (n = 6).

Quantitative analysis of infarct volume was performed in mice subjected to

4-h MCAO and treated with vehicle (n = 10) or ADAMTSI13 (n=6). *P <

0.05 versus vehicle. All values are means == standard error of the mean.



Table 1. Effects of ADAMTS13 and t-PA on neurological impairment in mice
subjected to 2-h or 4-h MCAO.

2-h MCAO 4-h MCAO
Variables J us:t pefor‘e After J us.t pefor.e After
administration 24 hours administration 24 hours
vehicle 2.50+0.22 3.17%+0.30 3.00%+0.21 3.70+0.21
t-PA 2.57%0.20 1.86+=0.26*  2.832%0.40 3.83+0.17
ADAMTSI13 2.50+0.22 2.00+0.26* 3.17+0.48 2.67+0.21*

Quantitative analysis of neurological score in mice subjected to 2-h MCAO and treated with
vehicle (n= 6), t-PA (n = 7), or ADAMTS13 (n = 6). Quantitative analysis of neurological score
in mice subjected to 4-h MCAO and treated with vehicle (n = 10), t-PA (n = 6), or ADAMTS13 (n
= 6). *P < 0.05 versus vehicle. All values are means =+ standard error of the mean.
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Fig.5 Effects of delayed treatment with ADAMTS13 and t-PA on intracerebral
hemorrhage in mice subjected to 4-h MCAO.

Quantitative analysis of hemorrhagic volume (A) in groups treated with vehicle (n = 6), t-PA

(n=6),or ADAMTS13 (n = 6). Photographs of representative unstained coronal brain

sections (B). *P < 0.05 versus vehicle. All values are means = standard error of the mean.
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Fig.6 Effects of delayed treatment with ADAMTS13 and t-PA on CBF in mice
subjected to 4-h MCAO.

Quantitative analysis of CBF in groups treated with vehicle (n = 6), t-PA (n =6), and

ADAMTSI13 (n=6). *P < 0.05 versus vehicle. All values are means =+ standard error of the

mean.
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Fig.7 Effects of delayed treatment with ADAMTS13 and tPA on plasma
HMGBI levels in mice subjected to 4-h MCAO.

Quantitative analysis of plasma HMGB1 levels were performed in mice subjected to 4-h

MCAO and treated with sham (n= 7), vehicle (n =9), t-PA (n=7), and ADAMTS13 (n=7).

*P < 0.05 versus vehicle. All values are means = standard error of the mean.
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BRI RA RIS 22 ENTEDLD, 4B 2B L EREORBIMNZFIERE T LS, BETLS
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TWE, ZOIRETEPAD X 9 il ) R MARERIER 2 FoEW 28554 % &, Sz i X v,
e < % o 2P R MM E BE D e L, MMz prse s enLE2 605 69, 72 tPAHMKIC
MMP3 % MMPO %G AL & &, MENEEHOTCTL E HMERR, MARTE AR IR 557 5 W 25 i
WICHHENDLZ EICE D Fe2+ 258 L2 VAL, MENEEEZE[LSSLERL, /b
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WIZ, FEBIZADAMTS 133 AEZE 125 LIGERI R Z R T O, IEHE~ 7 AIIMCAMZEZ i L,
ADAMTS 13 % ¥ /X7 28595 2 & TR L7z £ 9 MCA PIZE(% 2 IRE [ T D ADAMTS 13 #2513 t-PA %
Hpf & SO ERAE OB %R L7ze it T, MCAPAZER 45 TO ADAMTS 13%%5-1%, t-PAFXS-
WERNRE IR S e Do 72D L, ADAMTS 13 #5-# 1% vehicle % G- 12 o R CH BB SEBARAE 2 3d ) &
iz COERE LT, HEARERR 282 72 -PASS CTIEHO 22 MM Z ZF5E L Tn b 2 2L,
ADAMTS B3#HGHTIIMEMZF R L THE 5T, T EAEEGROME 2 52O LS TH
LHEEZOLND, EPRIIMCA MR 4R TO ADAMTS 13 ¥ 7213 t-PA . 5-12 & 2 BRI & O 2L T,
t-PATX G-HE TG, —#MEoRMEEOZ iz A SNz b 00, MitifE 4 U700, MCAM%E
% 24 e 2 CTIIANIMIE & O T 25580 51720 — /T, ADAMTS 138 5-# TIEMCA PH%ER% 24 B % C
bk L O R AL E A SN TV ze BLED T & X ), ADAMTS 13 13 t-PA LL_E o) i 22159 ] B
B 2 RO REME S H 2 L 2 b b, Lo L, t-PAEREIC ADAMTS 13 & IMASEMAEH 2 R $I2 b b
LR LMEREMHERE LT, ADAMTS 13 DRI 2 MARERIERICH 2 EEZ 5N b, -PADIL
EaRIL, F O R MARERIER 5 e 2RI h ST 2720, ARG & v ) T TRk
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VWF % U LIS 2 VA 2 e o 2 L S Tw b 6.0, yWFEIZ—2 O subunit A% EIZE A
L7ZIRRETIEh 2168 L T\ b, ADAMTS13IEvVWFD A2 KX A1 ¥ 2 BRI+ A ETH 5
A5G0 yWEDEA L7ZREETIXA2 AL VICHET 2 2 LS TE S, ADAMTS 131 MAE 5 K6 %
KT ZENTERV, DF ), ADAMTS 13725vWE 2 YJW7 3 % 121X vWE D stretch D EZETH 5 & i &
NTW5h, COFEMIZEERTLO0E W) &, Fig.8 TRT L )12, MRITH IS & MFHE 2%
PAEL D, £ L CMiiEEO RN TIZMEZ5 | ZIEIXZ ) & T 250 X, vWF D stretch 252 X %,
CNEMEDT N IGT LD, ADAMTS 131Z9 DI IZ X DI S EIX S N7z vWE 2 8JIr9 5 Z & Tl
BIRERZRTEZEZ SN L, D% ) ADAMTS 13 XM DA HE 4 IR 2 A2 EE %5, JH
MAEAESE L, MERE DA DHIT 5 & ADAMTS 13 1EvWF 2 Ui L 722 < 72 B 7280, ASRAKREG 1
(ZE R IR MBREE IS HERF T A 2 e TE L EEZONDL, ZOWHEIZL), ADAMTS 13 (3 t-PA THIE &
% B MBIMOFEREE R CE /- EZ b b,

<Stretching of VWF by high shear stress>

ADAMTSI3 cleaves ) e
stretching of VWF by m%
high shear stress. :

this does not occur under
conditions of low shear
stress due to small
thrombus formation.
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Fig.8 ADAMTSI13 cleaves stretching of vWF by high shear
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